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EDITORIAL
Anthelmintic resistance and the control of worms
Many people, particularly in the tropics, harbour parasitic worms, usually to the detriment of their health, and sometimes with devastating effect. Helminths also have an enormous economic impact in animal husbandry. Therefore, it is surprising and worrying that resistance to the relatively small number of anthelmintic drugs that are available has received much less attention than resistance to antibacterial or other antiinfective agents, particularly with respect to human helminths [ 1, 2] .
The major issue in the development of resistance is the percentage contribution those organisms surviving therapy make to the next generation. With few exceptions, parasitic helminths do not multiply in their mammalian hosts. Therefore, resistance is unlikely to become a problem unless there is systematic mass therapy, and provided a reservoir of infective stages that have not encountered the drug remains as the source of new infections.
The impact of mass treatment is illustrated by reference to grazing animals in parts of the UK in which nematodes are a serious problem in young lambs, causing reduced growth or even death. To prevent pasture contamination farmers treat the whole flock, including the ewes. Unless animals continue to graze on pasture already heavily contaminated with susceptible worms, the next generation of infections will come from those surviving therapy. Failure to grasp this has led to widespread benzimidazole resistance and spreading levamisole resistance [ 31. In contrast it has been traditional only to treat first year dairy calves. Second year heifers and adults continue to shed some nematode eggs and are the main source of infection on the farm. Up to 1997 no resistant nematodes had been reported in cattle in the UK, although this situation can be expected to change with greater use of anthelmintics [4] .
Cyathostomes are a serious cause of disease in horses. Since many horses are valuable animals, they are treated regularly with anthelmintics. The result is widespread resistance to benzimidazoles and, at least in the USA, resistance to pyrantel [5, 6] . Work in Australia suggests that drought encourages the development of resistance by killing off free-living stages in the environment so that the next generation of infections come from worms surviving treatment [7] . This is an important warning for those treating human communities for control of nematodes in the tropics during the dry season.
Antiparasitic drugs make up nearly 30% of the animal health business in the UK. The success of chemotherapy may explain why research in veterinary parasitology has been poorly funded in recent years, with major cutbacks in Australia, the UK and the USA [8] . Ironically, this has occurred as drug resistance is becoming a serious threat to production, particularly to the sheep industry. Although by human helminthological standards there is a large bibliography on drug resistance in veterinary helminths [e.g., 9, 101, the paucity of funding has resulted in a lack of sensitive tests to detect resistance, limited information on the epidemiology of resistance and few proven strategies for prolonging the effective life of drugs [ 111.
There are no in-vitro tests for detecting resistance in trematodes or cestodes, although tests for praziquantel resistance in Schistosoma mansoni are being developed. Three types of test are used to detect resistance in veterinary nematodes: faecal egg count reduction, egg hatch and larval development. The faecal egg count reduction tests determine the numbers of eggs in a group of animals at the time of dosing and 10-14 days later (i.e., less than the prepatent period) and could easily be applied to groups of infected human beings. However, ivermectin can sterilise female nematodes for at least 14 days [12] . If re-infection occurs before nematodes surviving therapy resume egg laying it is impossible to distinguish between resistance and reinfection, unless re-infection is prevented. Further research is needed into this problem. The egg hatch test relies on the ability of eggs from benzimidazoleresistant nematodes to develop and hatch in the presence of appropriate concentrations of a representative benzimidazole, thiabendazole, while susceptible eggs die [13] . The test may be applicable to human hookwonns but has not been adequately validated. The larval development test, in which larvae develop in the presence of anthelmintic and a food source [14] , has yet to be applied to those human nematodes that have a free living feeding stage.
Low-level resistance to benzimidazoles in certain veterinary nematodes is associated with a change in amino acid 200 of P-tubulin from phenylalanine to tyrosine [15] . Whether this always occurs in benzimidazole resistance is not known, but PCR-based tests to examine the frequency of occurrence of this mutation in human helminths would be useful. Levamisole resistance is associated with reduced drug binding to the acetylcholine receptor [ 161 through an undefined molecular change or changes. The mechanism of resistance to ivermectin is still unknown, and more than one mechanism of resistance may have developed. The potential for the development of resistance to ivermectin in nematodes is very important as it is crucial to onchocerciasis control in Africa. The lack of activity against adult worms could indicate that it would be relatively easy for larval stages to alter expression of the target site and thus develop resistance .
There are many chemotherapeutic trials in humans reported in the literature that show differing efficacies of the same drug. This is a cause for concern because it could indicate that natural tolerance to anthelmintic agents exists in some populations of nematodes and, with mass therapy, full resistance could develop rapidly. Two well-conducted trials on hookworms have given good evidence for benzimidazole resistance in Necator americanus in West Africa [17] and pyrantel resistance in Ancylostoma duodenale in Australia [ 1 81. Without new anthelmintics hookworms could become difficult to treat.
Systematic mass therapy of infection with human schistosomes is not widely used and resistance has not become a practical issue, although individual cases of resistance to oxamniquine have been known for several years. Because of its excellent activity praziquantel is now the preferred drug and has been used heavily in China and Egypt. The first signs of resistance to praziquantel are emerging in Egypt, where a small percentage of patients do not respond to therapy and isolates tested in mice also show resistance [ 191. There is no simple test for resistance to praziquantel yet available and the molecular basis of resistance has not been established, consequently the full extent of resistance remains unknown. Little research is being undertaken to find a successor to praziquantel and the current reliance on one drug is of concern.
Infection with the liver fluke, Fasciola hepatica, is a zoonosis and, where transmission from animals to humans occurs via the snail host, the outlook for chemical control is not encouraging. Rabbits act as an untreated reservoir of infection in the UK and it might be thought that as a result resistance would be slow to develop. The most useful antitrematodal drug, praziquantel, is not effective against E hepatica and a veterinary compound, triclabendazole, is the most active compound available. Resistance to triclabendazole has been reported in sheep in Australia [20] , Ireland and Scotland. Resistance to some other fasciolicides has also been found in animals, but owing to lack of tests, there is no information on the extent of the problem anywhere in the world. Unfortunately resistance can only be confirmed by passage through snails, infection of rodents or sheep, and subsequent treatment of the infected animals. How quickly resistance will develop and spread is unknown, but it cannot be long before treatment failures caused by drug resistance are found in human patients.
The only serious diseases caused by tapeworms in man are from larval stages of Taenia solium, Echinococcus granulosus and E. multilocularis. There has been one report of development of resistance to albendazole in an experimental infection with larval E. granulosus [21] and it seems possible that such a situation could develop in clinical cases. Adult tapeworms might develop resistance to praziquantel, but there have been no reports of research into this possibility.
All who treat patients infected with parasitic helminths recognise that low efficacy of anthelmintics can result from inappropriate choice of drug, failure of patient compliance and pharmacokinetic differences between patients. Low efficacy may also be due to drug resistance. However, proving that failure is due to resistance remains problematic.
